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Background: Understanding of possible periodicity of cytokines, chemokines
and growth factors is of great interest and provide valuable information for
research into pathophysiological mechanism of inflammatory disease and
chronic pain. Significant efforts have been made to identify different analytes
in saliva. For precision and accuracy in measurement and interpretation of
results, it is crucial to know the source of variability, especially the circadian
variation for the analytes.

Objective: The study aimed to analyze circadian variation in 71 inflammatory
markers in both unstimulated and stimulated saliva, as well as plasma, from a
sample of healthy individuals.

Methods: Ten young adults participated. Unstimulated and stimulated whole
saliva were collected at 3-h intervals between between 7:30 am and 7:30 pm.
Blood samples were drawn in connection with the first and last saliva
collection. All samples were analyzed using the U-PLEX 71-Plex assay.

Results: The analysis showed distinct clustering of the 71 inflammatory
mediators between plasma and saliva. Furthermore, differences were also
observed between stimulated and unstimulated saliva. The proteins were
clustered into three groups that expressed different circadian rhythms. These
clusters were stable over time in stimulated saliva but showed significant
variability in unstimulated saliva (P < 0.05).

Conclusions: These results suggest that time of the day could influence the
detection and interpretation of inflammatory markers and collecting saliva
samples at consistent times across participants will help control for the natural
fluctuations in salivary composition. The results encourage further exploration
of salivary diagnostics, particularly in understanding circadian rhythms and
localized immune responses.
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Introduction

Saliva contains a variety of molecular and microbial analytes, representing several
biological functions that may mirror both oral and systemic health conditions (1-3).
With the advancements made in analytical technologies for saliva over the last decades,
this body fluid has gained increased attention also for clinical purposes (4). Saliva is
presently considered a fluid which can provide information about diseases and not
merely as an adjacent to the standard laboratory tests involving for instance blood.
There are a growing number of valuable molecules in saliva that have been disclosed,
and some of them represent different diseases including cancer (5), autoimmune (6, 7),
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viral (8-10) and bacterial diseases (11). Saliva collection has also
several advantages over blood sampling. It is simple, non-
invasive, reduces patient anxiety and discomfort, and facilitates
repeated sampling for monitoring. Additionally, saliva collection
is safer for health-care providers as it avoids exposure to blood-
borne diseases (12), and offers many advantages in terms of
storage, shipping and large-scale sampling.

Numerous inflammatory markers have been detected in saliva
(13). Cytokines such as interleukin (IL)-1f, IL-6 and IL-4 have
been implicated in autoimmune diseases, such as rheumatoid
arthritis and diabetes (7). I-1B appears to be a marker of clinical
instability in cardiovascular disorders (14), and IL-10 have been
associated with increased risk for myocardial infarction (15).
Tumor necrosis factor-alpha (TNF-&) promotes release of both
IL-1B and IL-6 and is linked to chronic disease, including
Alzheimer’s disease, depression, cancer, chronic pain and
multiples sclerosis (13, 16). These and many other substances
have been detected in saliva.

Saliva research is limited by variability (13, 17, 18). Important
consideration must be given to the effects of saliva collection and
its influence on the accuracy of results (19-21). In the last years,
remarkable efforts have been devoted on identifying analytes in
saliva (19-21). Precision in measurement requires understanding
the diurnal pattern (circadian rhythm) of the analytes.

The diurnal pattern refers to the natural, internal processes
governed by the circadian clock, which rhythmically coordinates
biological activities to ensure they occur at the optimal times,
thereby maximizing an individual’s fitness (22). It influences the
secretion and regulation of various molecules, impacting
physiological processes. In particular, the levels of certain
hormones (23), cytokines, chemokines, and growth factors vary
with the circadian rhythm (24), emphasizing the importance of
time in sample collection. The advancement and success of
salivary research is attributed to reducing the variability.

The aim of the current study was to analyze the diurnal
periodicity for a panel of 71 cytokines, chemokines, and growth
factors in whole unstimulated and stimulated saliva in a sample
of well-defined healthy individuals. A second aim was to observe

the association in these analytes between saliva and blood.

Materials and methods
Participants

Healthy participants of both sexes aged 22-32 years were
recruited to the study by advertisement. To ensure eligibility,
potential study participants underwent a two-stage screening
process. Initially, they were screened via telephone, followed by
an in-person screening during their first visit. The exclusion
criteria included any reported diseases or ongoing pain problem,
mental health conditions, regular use of any medication, and oral
complaints such as oral dryness or mucosal lesions. Females who
were pregnant or actively attempting to conceive were also
excluded from the study. Participants reporting pathological
levels distress validated

of psychological according to
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questionnaires, were likewise excluded. If oral examination
indicated less than 22 teeth, extensive prosthodontics, current
orthodontics or endodontic treatment, poor oral hygiene (plaque
index >30% and/or periodontal disease (25), hyposalivation (26),
oral diseases, mucosal lesions or oral inflammation they were
excluded from further involvement in the study.

All  participants underwent a comprehensive clinical
examination and completed validated written questionnaires
approximately one week before the trial, as detailed below.
Participants were requested not to eat, drink or brush their teeth
prior to the first collection (fasting), and not consume alcoholic
beverages 24 h prior to collection. They were also instructed to
keep a detailed food log 24 h prior to and during the day of
collection. A brief oral interview was carried out by the examiner
at the time of collection to ensure that they had followed the
instructions, which all had. Saliva and plasma samples were then
collected. During the day of collection, participants were asked not
to eat, drink or brush their teeth 1 h prior each collection time-point.

The study was conducted at the Department of Dental
Medicine at Karolinska Institutet between December 2014 and
September 2015. All participants received information regarding
the objectives and procedures of the study and gave their
informed written consent before enrolment. The study was
approved by the Regional Ethical Review Board in Stockholm,
Sweden (2014/17-31/3) and followed the guidelines according to
the Declaration of Helsinki.

Clinical examination and questionnaires

All participants underwent a profound general dental and oral
examination. During the clinical examination participants were
checked for decayed teeth, dental and oral inflammation/
infections, mucosal lesions and oral hygiene (measured as plaque
dental
treatments, erosions, and attrition damage on teeth were also

index, pocket probing length). Occlusion, previous
recorded. Participants were also evaluated using the Swedish
version of the Diagnostic Criteria for Temporomandibular
(DC/TMD) Axis I and IL

screening protocol was employed to identify TMD signs that

Disorders This evidence-based
might not be evident during the interview (27).

The following brief screening instruments included in the
DC/TMD axis II (27) were used to evaluate symptoms of
depression, somatization, anxiety, stress, jaw function and oral
health: the Patient Health Questionnaire (PHQ-9 and PHQ-15),
the Generalized Anxiety Disorder scale (GAD-7), the Perceived
Stress Scale-10 (PSS-10) and Jaw Functional Limitation Scale (JFLS).

Saliva collection

Unstimulated and stimulated whole saliva were collected from
all participants. Prior to each saliva collection session participants
were instructed to rinse their mouth with 10 ml of distilled
deionized water for 30s to remove debris and moisturise the
mucosa and thereafter rest for 5 min.
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Partly unstimulated whole saliva was first collected as
described earlier by the authors (19, 20). Participants were
instructed to sit upright with their head slightly titled forward
and a polypropylene tube was used to collect saliva during
passive drooling. Five minutes afterwards stimulated whole saliva
was collected using paraffin gum (Orion Diagnostica, Finland).
For pre stimulation, the participants were instructed to chew the
gum until it was smooth and flexible. After 60s of pre
stimulation, the participants were asked to swallow the saliva
present in the mouth. Subsequently, whole saliva, stimulated by
the same piece of paraffin, was collected for 3 min, and salivary
flow rate was measured.

Saliva samples were collected during five times during the same
day at the exact same circumstances. Samples were collected at 7.30
am; 10.30 am; 1.30 pm, 4.30 pm and 7.30 pm. All participants were
asked to come fasting to the first sample. Between each session
participants were asked to not eat/drink at least 1 h prior to
sample collection.

To prevent degradation of sensitive proteins all samples were
collected on ice in precooled polypropylene tubes. Immediately
after collection a Protease Inhibitor Cocktail (Sigma Aldrich v/v
1:500) was added. All samples where then centrifuged at 1500xg
for 15 min at 4°C to remove debris. The supernatant (upper 2/3)
of each sample was fractionated into 100 pl aliquots and frozen
at —86°C until analyses.

Plasma collection

In connection with the first and the last saliva sample, venous
blood samples were collected in 8.5 ml EDTA PPT tubes from all
subjects. The sample was mixed gently for 1 min and then
immediately placed on ice for 30 min. The samples were then
centrifuged at 1000 x g for 15 min at 4°C, and the upper 2/3 of
the plasma was stored as aliquots at —70°C until analysis.

Multiplex immunoassay

A commercially available panel of 71 pro- and anti-
inflammatory proteins (including cytokines, chemokines, and
growth factors) (U-PLEX, Meso Scale Discovery, Maryland, USA)
was used (see Supplementary Table 1). After thawing, the
samples were centrifuged briefly and analyzed according to the
manufacturer protocol. Briefly, the antibody-samples were mixed
with corresponding linkers and 50 pl were pipetted to the 96-well
(10 spots) plates, which the antibodies bound to and the plate
was coated with the antibodies on gentle shaking at 4°C
overnight. Then the unbound antibodies were washed out using
200 yul washing buffer (PBS, 0.05% Tween-20) 3 times. Plasma or
saliva samples were diluted 1:2 for almost all substances except
for  Chitinase-3-like (YKL40),
Inflammatory Protein 5 (MIP-5), and Macrophage Migration
Inhibitory Factor (MIF) where the dilution factor was 100 as
recommended by the manufacture. A volume of total 50 ul of

protein 1 Macrophage

samples and dilution buffer were added in each plate well and
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incubated for 1 h and then washed 3 times. Secondary detection
labels
added and plates were incubated for 1 h. The plates were washed
3 times with washing buffer and then 150 ul MSD GOLD read
buffer was added to each well and immediately the plate was
inserted to MESO QUICKPLEX SQ 120 instrument for analysis
of the 71 proteins. Data were collected and analysed using
DISCOVERY WORKBENCH data analysis software. The light
intensity of all the different proteins examined was converted

antibodies conjugated electrochemiluminescence were

into concentrations (pg/ml).

Statistical analysis

Descriptive data are presented as mean and standard deviation
(SD) or median and interquartile range (IQR). Differences in
background variables were tested with Mann-Whitney U test,
repeated measurement analysis of variance (ANOVA) was
applied with Bonferroni adjustments for post hoc testing. The
statistical analyses were performed using Statistica version 13
(StatSoft, Oklahoma, USA).

To investigate the possible differences in the whole protein
panels, the multidimensional datapoints were visualized with the
help of Uniform Manifold Approximation and Projection
(UMAP) and using the two first components from Principal
Component Analysis (PCA). The correlations between the
different proteins in stimulated and unstimulated saliva samples
were estimated and visualized, using an ANCOVA model to take
into consideration the intra-person correlation inherent to
repeated measures.

For longitudinal expressions analysis, proteins values were
standardized and collapsed to its timepoint and sample specific
means. This resulted in one datapoint for each protein, saliva
collection method, and timepoint. These mean curves were then
clustered using k means clustering with three centres, separately
for the stimulated and unstimulated samples. The means of the
then plotted
confidence interval bars presented in the graphs are the 95%

resulting clusters were longitudinally. The
normal approximation intervals, calculated from the means of
the proteins in the cluster at the timepoint in question.

The differences between clusters for each time point were
tested with a linear regression model, using the mean protein
values and subsetting the data by timepoint. Within cluster
differences between timepoints were tested with a linear
Generalized Estimation Equations (GEE) model where the cluster
was the protein, measured repeatedly over time. Exchangeable
correlation structure was used.

The clustering analysis was then repeated including the plasma
samples, focusing on the first and last timepoints Due to the small
sample size, there is inherently a lot of uncertainty in any estimates.
To further investigate the separation between stimulated and
unstimulated samples, a Least Absolute Shrinkage and Selection
Operator (LASSO) model was used. A logistic regression LASSO
was estimated and leave-one-out «cross validated to gain
understanding of the predictive accuracy, followed by a ROC
curve plot.
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Analysis was conducted using R, version 4.1.2 (R Core Team
(2021), Vienna, Austria. Statistical significance was set at the
95% level.

Results
Descriptive data

Descriptive data for all participants in the study are presented
in Table 1. Participants included in the study reported no perceived
signs of psychological distress and they were all non-smokers.

The saliva secretion rate between collection points differed
significantly for both stimulated (F=6, 25; P<0.001), and
saliva (F=6.84; P<0.0001) and
increasing rate during the day (Table 2). Unstimulated saliva

unstimulated showed an
showed higher secretion rate at 07.30 pm compared to the
fasting sample at 07.30 am (P =0.0001), while stimulated saliva
showed significantly higher flow rate at 430 pm compared to
7.30 am (P=0.002) after adjustment for multiple comparison.
Salivary flow differed between simulated and unstimulated saliva
but was not affected by sex (Mann-Whitney U Test; P > 0.05).

Diurnal variation of mediators

Each mediator in saliva were plotted separately for each
participant (n=10) along with the mean value among the cohort
by sample type and time point (Supplementary Figure 1). The
raw protein data was scaled for comparability and aggregated
into sample- and time-specific mean values. These values were
then plotted together.

The PCA and UMAP analyses showed that the mediators in
plasma and saliva clustered very differently (Figure 1). However,
even the two saliva sample types clustered clearly with both the
methods. The time of sampling or the gender of the participants
did not seem to be as important to the clustering as the sample
type (Supplementary Figures 2A,B).

TABLE 1 Background data of age, anthropometric data, psychological
distress, jaw functional limitations, and salivary flow of all healthy
participants in the study (n = 10) and subdivided by gender.

10.3389/fdmed.2024.1420081

Clustering the proteins in each sample type respectively
(Supplementary Table 1) identified three clusters (cl.) This was
considered sufficient to display the different aspects of the two
saliva types (Figure 2). In stimulated saliva the mediators could
be categorized in low (cl. 1, mean: —0.556, 95% Cl 0.063,
78.843), middle (cl. 3, mean: —0.293, 95% Cl 0.083, 12.540) and
high (cl. 2 mean: 0.307, 95% CI 0.069, 19.824) concentration
group at baseline. These groups showed overall a constant
pattern, low longitudinal variability and were essentially stable
during the day (P>0.05). However, unstimulated whole saliva
showed more fluctuating pattern where two of three clusters
displayed significant diurnal changes. Cl. 3 showed a significant
increase throughput the day (P<0.001), while cl. 2 showed a
significant increase at 4:30 pm (mean: 0.373, 95% CL: 0.114,
10.593, P=0.001) and 7:30 pm (mean: 0.354, 95% CI: 0.096,
13.497, P=0.000) compared to morning sample.

The sample specific mean values were also reduced and
compared to plasma samples between the first (T1) and last
sample (T5) (Supplementary Figure 3).

Discussion

In recent years, investigating the diurnal variation of
inflammatory mediators has gained significant attention due to its
potential implications for understanding the circadian rhythm of
immune responses (28, 29). The present study capitalizes on the
growing recognition of salivas diagnostic potential as a valuable
source of molecular information reflecting health status (3, 4).

The study showed clustering patterns in the inflammatory
panel between plasma and saliva samples (Figure 1) suggesting
that these biofluids provide complementary information. Even
within the two saliva sample types, clustering was evident,
suggesting  differences in mediator expression between
unstimulated and stimulated saliva. Notably, while the sampling
time and participant sex (Supplementary Figure 1) did not
strongly influence clustering, sample type emerged as a key factor
(Figure 1). These results align with other studies showing that
the sample type have stronger impact on the protein expression
than sex and underscore the need for standardized saliva
collection methods in future studies to minimize variability and

ensure comparability of results (18, 19, 30).

Variable All EIES Females P-

(n=10) (n=5) (n=5) value TABLE 2 Average salivary flow +SD measured during the collection of

unstimulated and stimulated saliva at various time points in a group of

Age (Years) 263+3.1 26.1+32 264+34 1.000 10 healthy individuals.
Body Mass Index 21.6+£3.0 215+28 21.6+£3.6 1.000
(kg/m®) Collection Unstimulated whole = Stimulated whole
Number of teeth 31 (3) 30 (1) 32 (0) 0.256 time saliva ml/min saliva ml/min
PHQ-9 Score 2.5 (4) 0 (5) 2(2) 0.671 7:30 am 0.217 +£0.149 1.810 +0.905
PHQ-15 Score 4(3) 1(4) 4(2) 0.083 10:30 am 0.294 +0.179 2.106 +0.984
GAD-7 Score 1(4) 0(2) 1(3) 0.449 1:30 pm 0.338+0.178 2283+ 1.080
PSS-10 Score 7.5 (6) 8 (3) 7 (6) 0917 4:30 pm 0.357+0.211 2.581 + 1.449"
JFLS Score 0 (0) 0 (0) 0 (0) 0.424 7:30 pm 0.536 +0.321* 2.566 + 1.450

Data are presented as mean + SD or median (IQR).

n, number of subjects in each group; PHQ, The Patient Health Questionnaire; GAD,
Generalized Anxiety Disorder; PSS, Perceived Stress Scale; JFLS, Jaw Functional
Limitation Scale.
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For both unstimulated and stimulated saliva, the flow rates exhibited significant variations
throughout the day (ANOVA, P <0.001).

*Significantly higher compared to at 7.30 am (Bonferroni test, P<0.001). *Significantly
higher than at 7.30 am (Bonferroni test, P=0.002).
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indicative of the plasma samples (black)

UMAP and PCA. Uniform Manifold Approximation and Projection (UMAP) is used to graphically cluster the proteins irrespective of timepoint. Neither
the UMAP graph nor the Principal component analysis (PCA) take into consideration the temporal aspect of the measurements. The analysis is
clustering very differently than the two saliva samples (blue and red). However, even the two saliva sample
types cluster clearly with both the methods. The graphs are coloured both showing the sample type and the timepoint. The time of sampling
does not seem to be as important to the clustering as the sample type.
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FIGURE 2

unstimulated cl. 1
unstimulated cl. 2
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- stimulated cl. 1
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Unstimulated cl. 3

Eotaxin-3, IL-7, IL-12, IL-
15, MCP-1, TNF-B, TPO

Stimulated cl. 3

CTACK, ENA78, Eotaxin-
2, GCSF,GROq, 1039,
NFa2a, IL-5,IL-6, IL-7, IL-
12, IL-13, IL-15, IL-17A,
IP10, ITAC, MCP-2, MCP-
3, MCSF, MDC, MIF, MIP-
1a, MIP-3a, MIP-3B, TNF-
a, TNF-B, TPO, VEGFA

T T
3 4

timepoint

T
5

Clustering the mean values. The standardized cluster means and (95% Cl) of proteins in unstimulated and stimulated saliva at the different time points
(1=7.30 am, 2=10.30 am, 3=1.30 pm, 4 =4.30 pm, 5=7.30 pm). The proteins were reduced to their time and sample specific mean values. This
aggregated data was then used to cluster the proteins to three clusters in both samples respectively. Three clusters (cl) were used as it was
considered sufficient to display the different aspects of the two samples (Supplementary Table 1). While there were no differences over time in
stimulated whole saliva (red), unstimulated whole saliva (blue) displayed significant fluctuating pattern in two of three cl. In whole unstimulated
saliva cl. 3 in showed a significant increase throughput the day (P <0.001), while cl. 2 showed a significant increase between baseline and time
point 4 (P =0.001) as well as time point 5 (P =0.000).
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There are different methods described to collect saliva. Most
studies focus on unstimulated whole saliva via passive drooling,
considered the “gold standard” of saliva collection. This method
avoids oral stimulation, which can alter mediator compositions
and concentrations (16, 21). Other studies uses stimulated whole
saliva (31, 32) or “semi-stimulated saliva” (15). Currently, only a
handful studies have compared proteins and inflammatory
substances between different salivary collection methods (19-21,
33, 34).
variation between different saliva collection methods regarding

In previous studies, we demonstrated significant

protein expressed at high abundant (ng/ug level) and allogenic
peptides (19, 20). These variations were notable between the
different collection methods, with stimulated whole saliva
emerging as the most reliable method due to its low variability
and higher protein expression (3), in line with current findings.

Foratori-Junior et al., (33) compared the proteomic profile of
unstimulated and stimulated saliva in healthy pregnant women
and found that stimulation decreased proteins involved in
immune response and inflammation (33). A similar trend could
also be observed for certain substances in this study
(Supplementary Figure 3). For example, cutaneous T cell-
attracting chemokine (CTACK); Epithelial-Derived Neutrophil-
Activating peptide 78 (ENA78); Eotaxin; Erythropoietin (EPO);
IL-7; IL-13; IL-17A; Monocyte Chemoattractant Protein (MCP);
Macrophage Colony-Stimulating Factor (MCSF), and Thymus
Activation-Regulated Chemokine (TARC) decreased with saliva
stimulation, while others like e.g., IL-17B; IL-17C; IL-17D;
IL-17E; L-17F; IL-los IL-1B; IL-2; IL-3; IL-21; IL-22; IL-23
increased. Several markers such as Granulocyte Colony-
Stimulating Factor (GCSF); IL-6; MIF; TNF-o. were unaffected by
stimulation. The differing stability patterns between unstimulated
and stimulated saliva suggest that certain mediators may be more
reliably detected in one type of saliva over the other. However,
the sample size in this pilot study is too small to draw significant
conclusions regarding individual markers. It should also be noted
that previous studies have primarily focused on proteins that
occur in high concentration in saliva (19, 20, 33), rather than on
those present at picomolar levels, such as cytokines, chemokines
and growth factors.

When comparing the concentration of mediators in saliva to
that in plasma, disparities became evident, raising questions
about their ability to adequately reflect systemic biological events.
While, for example, salivary cortisol levels may effectively mirror
systemic levels (35), salivary levels of some inflammatory
meditators, such as C-reactive protein (CRP) and IL-6 lack
significant correlation with plasma levels (15, 21, 36). This
discrepancy can be attributed to the distinct environmental niche
of the oral cavity, where local immune processes play a
substantial role. Cytokine levels in saliva associated with gingival
inflammation and periodontitis (37, 38) have been shown to
than

responses. Consequently, the use of salivary cytokine levels as

primarily reflect localized rather systemic immune
general surrogate markers for assessing systemic immune
responses should be approached cautiously (15).

We aggregated protein data to their respective mean values

based on time and sample type, then used this dataset to cluster
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each sample type separately. Our analysis revealed three distinct
clusters that effectively captured the diverse aspects of both
stimulated and unstimulated saliva (Figure 2). The patterns
observed in the samples collected in unstimulated saliva
displayed greater variability compared to the stimulated samples.
In stimulated saliva, proteins were clustered into low, middle,
and high concentration groups between time-point, showing
consistent patterns with low variability, indicating stability
throughout the day. In contrast, the unstimulated whole saliva
displayed more fluctuating patterns, with one specific cluster
showing a significant increase in concentration throughout the
day (cl. 3) and another cluster (cl. 2) showing a significant
increase in the afternoon. These diurnal patterns suggest that
salivary collection methods and time of the day could influence
the detection and interpretation of some mediators. The
mediators showing increased expression from morning to
evening included cytokines IL-7, IL-12, and IL-15, TNEF-B,
Thrombopoietin (TPO) and chemokines Eotaxin-3 and MCP-1.
Despite their role in immune repose and regulation (39), there
are no previous studies regarding the salivary circadian rhythm
in healthy individuals of these substances. Dalgar and co-authors
studied the diurnal variation of MCP-1 in plasma in healthy
individuals compared to patients with post-traumatic stress
syndrome and found that MCP-1 exhibited a peak upon
awaking, followed by a decrease during the day (40). Studies
have also investigated the diurnal variations in saliva for other
cytokines, such as IL-1B (41, 42), IL-6 (24, 41, 43) and TNF (42).
Similar trends have also been observed in these studies, with
elevated levels typically occurring upon awakening and during
the daylight hours, followed by a decline throughout the day.
These results are in contrast with the trend observed in cluster
3. It should be noted, however, that all these previous studies
have employed different collection methods, different time-
points with a varying number of samples taken, and differing
methodologies. This makes direct comparisons with our study
challenging. In our study, the first sample was collected at 7.30
am, i.e., between 0.5 and 3 h after awaking, and the last one
was collected 7.30 pm, which means that we could not observe
the diurnal variation upon awakening, before bedtime, or
during the night.

A strength in our study design was that stimulated and
unstimulated whole saliva was consistently collected each third
hour under exactly the same clinical condition. Anamnesis and
careful oral and dental examinations were conducted to ensure
that participants were healthy and without any signs of local
inflammation. Strict inclusion criteria were implemented to
reduce the influence of external and internal factors on salivary
flow, secretion, and content. Furthermore, the participants were
closely matched in age to minimize the impact of age-related
factors on flow rate and mediator expression (44). Nonetheless,
our findings should be interpreted within the context of certain
limitations. The study was conducted in healthy young adults
and included a small number of participants. Different age
groups were not taken into considered due to the potential for
age-related variability (45). The absence of samples during the
night, immediately before sleep, or upon awakening may have
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limited our ability to observe certain important fluctuations
influenced by the sleep-wake phase.

Despite the limitations, this study offers valuable insights into
the diurnal variation of salivary cytokines, chemokines and growth
factors, highlighting the importance of collection method in
biomarker analysis. The distinct clustering patterns observed
between unstimulated and stimulated saliva emphasize the need
to consider the type of collection method when interpreting
biomarker data. Our findings reveled that salivary cytokines,
chemokines, and growth factors follow diurnal pattern, with
stimulated saliva showing more stable and consistent profiles
compared to unstimulated saliva that exhibited a greater
variability for certain mediators. These results suggest that time
of the day could influence the detection and interpretation of
inflammatory markers and collecting saliva samples at consistent
times across participants will help control for the natural
fluctuations in salivary composition. The results encourage
further exploration of salivary diagnostics, particularly in
understanding circadian rhythms and localized immune responses.
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SUPPLEMENTARY TABLE 1

The following analytes were measured by a panel of 71 pro- and anti-
inflammatory proteins from U-PLEX, Meso Scale Discovery, Maryland, USA.
The proteins were condensed to their mean values specific to both time
points and samples. Subsequently, this consolidated dataset was employed
to categorize the proteins into three clusters for each sample type (cl 1-3).
The figure illustrates the group belonging for the cytokines and
chemokines in the analysis.

SUPPLEMENTARY FIGURE 1

Uniform Manifold Approximation and Projection (UMAP) is used to
graphically cluster all samples based on biological fluid (A) and sex (B). The
figure is indicative that plasma and saliva clusters different (A). The sex of
the participants does not seem to affect the clustering (B).

SUPPLEMENTARY FIGURE 2

Figure illustrate the mean differences between the three clusters in plasma,
unstimulated and stimulated whole saliva between morning (T1) and evening
(T5) samples.

SUPPLEMENTARY FIGURE 3

Diurnal variation of cytokines, chemokines and growth factors graphed
individually for each participant (n=10) in unstimulated (blue) and
stimulated (red) whole saliva. The means of each protein by sample type
and time are visualised as a bold line.
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